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Abstract

Viability requires that certain genes are expressed at the correct levels and at specific times during development. Many
genes have already been determined as essential to development, but many more may exist. Numerous lethal mutations
have been isolated in Drosophila melanogaster that have yet to be identified at the gene level. Here we provide deficiency
mapping, complementation testing, and DNA sequencing that suggests the unknown lethal mutations l(2)23CDeA8'1 and
1(2)23CDfA182 are both missense mutations in the SerRS gene, which encodes an aminoacyl tRNA synthetase that is
required for protein translation.

F1 Progeny from Cross with [(2)23CDe %11 R Progeny from Cross with 1(2)23cDf***?
Known Mutation Curly Wings Straight Wings Curly Wings Straight Wings
cha1*™ 45 25 32 13
toc** 52 28 37 12
toc™’ 74 18 49 14
gammaTub23C "2 58 36 5 7
Mad 1?2 61 83 39 70
okr" 1 72 33 16 7
CG17221 %% 107 48 40 14
Rrp1 “%% 57 14 31 14
Sains X0 68 0 67 0
FASN7 K6036%6 42 20 62 30
CG3347 K681 62 25 100 49
ND-B14.58 £ 18 13 34 b
FASN2 5% 12 22 26 33
EP719

Prp40 23 12 29 45
CE17219 ™ 33 53 13 22
Bemd4g %% 53 24 28 12
CcG9647 1 46 25 15 8
lilti ***" 50 22 65 32
CG34393 M50 12 12 16 16

Figure 1. Complementation testing of unknown lethal mutations I(2)23CDeA8'1 and I(2)23CD]"A18'2 with known
mutations in 19 genes located with Df(2L)JS17:

Results suggest that unknown lethal mutations I(2)23CDeA8'1 and I(2)23CDI’L‘18'2 do not complement with SerRSKG03126

Description

Numerous genes have been previously determined to be essential for the development of Drosophila melanogaster
(Wieschaus and Niisslein-Volhard 2016). Mutations in these genes can result in premature death or failure to develop and
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therefore, are referred to as lethal mutations. Though many genes are known to be required for viability, there are also
over 1,500 previously isolated lethal mutations in Drosophila yet to be determined at the gene level (personal
communication with the Stock Center). Previous studies have found that about 75% of human genes known to be involved
in human disease formation have functional homologs that can be studied in D. melanogaster (Verheyen, 2022). Thus,
determining which genes are important for development and viability in Drosophila may also result in a better
understanding of human development and health.

In order to identify the genes mutated in these unknown lethal mutant stocks, we utilized deficiency mapping and
complementation testing. With the development of next generation sequencing, the identification of these unknown
mutations would seem to be straightforward. However, initial sequencing results of a few stocks identified a large number
of variations from the reference genome, making deficiency mapping and complementation testing the more
straightforward approach. Deficiency mapping can be used to narrow down the location of an unknown mutation to a
region within or outside the deficiency utilized (Hales et al., 2015). Through the use of balancer chromosomes with the
Duox® marker, examining the progeny from deficiency mapping crosses involved determining whether these progeny
without the balancer (and therefore, without the Duox® marker) were viable. If the only surviving F; progeny had curly
wings, this would suggest that the unknown lethal mutation was within the deficiency.

Deficiency mapping using Df(2L)JS17 determined that unknown lethal mutations (2)23CDeA8-! and 1(2)23CDf*18-? were
likely located within the deficiency located between bands 23C1 and 23E2 on chromosome 2 in Drosophila melanogaster
(Oztiirk-Colak, et al., 2024). The results of these deficiency crosses found 52 of 56 F; progeny displayed curly wings for
1(2)23CDe?81 and all 38 F; progeny displayed curly wings for l(2)23CDf418'2. These results were then verified with a
second round of crosses.

In order to determine the location of these two unknown lethal mutations at the gene level, complementation testing was
utilized. When beginning this project, 19 different loss of function mutant stocks in genes mapped within the Df(2L)JS17
deficiency were present at the Bloomington Drosophila Stock Center at Indiana University Bloomington (Cook et al.,
2010; Oztiirk-Colak, et al., 2024). Complementation testing was performed with these stocks and the unknown lethal
mutation stocks that were determined to be within Df(2L)JS17. If the resulting F; progeny did not display any flies with
straight wings, this would suggest that the two mutations did not complement and therefore, the unknown mutation is
likely within the same gene as the known mutation. Results from these crosses suggested that both 1(2)23CDeA8 1 and
l(2)23CDf418'2 did not complement with SerRsKG03126 (Table 1). These results were verified with a second set of

complementation test crosses. Taken together, these results suggest that both [(2)23CDe 8! and 1(2)23CDf*8-? are
mutations within the SerRS gene, which is involved in protein translation (Arsham and Neufeld 2009).

In order to confirm our results, the SerRS gene was amplified via PCR from the stocks containing 1(2)23CDe 81 and

1(2)23CD/"\18'2 mutations and then sequenced to identify any lesions in these genes. Lethal mutation l(2)23CDeA‘9'1 was
determined to have a missense mutation in the SerRS coding region, which would result in a change of an arginine to

cysteine at amino acid 318 in the SerRS protein. Lethal mutation I(2)23CDf418'2 was also determined to have a missense
mutation in the SerRS coding region, resulting in a change of a glutamine to leucine at amino acid 327 in the SerRS
protein. As previous studies have determined that SerRS serves a canonical role in protein translation as well as non-
canonical roles in processes such as neuronal necrosis and lysosomal regulation, mutations that result in changes to the
amino acid sequence of this protein affect fundamental cellular processes and therefore results in lethality (Arsham and
Neufeld 2009; Herzog et al., 2009; Lei et al., 2017).

Due to the similarities between genes found in humans and Drosophila, the genes needed for viability in Drosophila may
also be vital for human development. The increased knowledge and findings stemming from this project may provide a
better understanding of the genetic requirements for viability and development in humans.

Methods

Drosophila melanogaster stocks were obtained from the Bloomington Drosophila Stock Center. Specific stocks used in
these experiments are included in Table 2. Flies were maintained at room temperature in vials and bottles with Nutri-Fly®
BF fly food (Genesee Scientific). Flies were examined using stereo microscopes and CO5 pads for anesthetizing.

Deficiency mapping was performed by crossing virgin females and males from the deficiency and unknown lethal
mutation stocks. The resulting F; progeny were scored for curly or straight wings to determine the location of the
unknown mutation with respect to the deficiency.

Complementation testing was performed by crossing virgin females and males from the unknown lethal mutation stocks to
stocks with known mutations in genes located within the deficiency. The resulting F; progeny were examined for curly or
straight wings to determine whether the unknown lethal mutations did not complement the known mutations in genes
within the deficiency.
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Genomic DNA was obtained from Drosophila stocks using the Qiagen DNeasy Blood & Tissue Kit, following the
manufacturer's protocol. The SerRS gene was amplified from 2.5pl of genomic DNA from the mutant stocks and wild type
flies using 2X Phusion Master Mix according to the manufacturer's protocol for 40 cycles. Primers used to amplify the
SerRS gene were SerRS-F 5'- CCACCATCGCTTTCCAGCA - 3" and SerRS-R 5"- GCACAGCTTGATCCAGTTTAA -3
“. PCR samples were purified using Qiagen QIAquick Gel Extraction Kit according to the manufacturer's protocol. The
resulting PCR bands were sent for DNA sequencing at the University of Missouri Genomics Technology Core for each fly
stock. Results were analyzed using the freely available A plasmid Editor (ApE) application and FinchTV to identify the
nature of the mutations.

Reagents

BDSC# |Genotype

1567 Df(2L)JS17, dpp®ho/Cy0, P{ry*t7-2=en1 pwge!!

5722 1(2)23CDe*81 cn! bw!/Cyo

5727 Chd147-* cn! bwl/CyO

5737 tocA! enl bwl/Cyo

7036 1(2)23CDfA182 cn! bwl/CyO

7039 0?7 enl bwl/Cyo

7042 gammaTub23CA1>2 cn! bw!/CyO

7323 w"; Mad'? P{ry*"->=neoFRT}40A/CyO

8524 okr7- 11 cnl bw!/CyO

10187 | wl18; PBac{w*MC=PB}CG17221°09°69/Cy0

10213 | w!18; pBacfw*™C=PB}Rrp1°0%5%5/Cy0

12894 Xli P{y+mDint2 wBR-EBR_g(7por-P }MKGOB’IZG /CyO; ry506
13255 | wll18; pyytmDini2 | BRE.BR_gpor-p }FASN1KC036%,Cy0, P(ry*7-?=sevRas1.VI2}FK1
14733 |y1; pfy*mDint2  BRE.BR= g por-p}CG3347KG08531/Cy0; ry506
15944 |1 ,67c23; ppy,#mDini2 \ +mC_ppgyoiND-B14.5BEY04650,c0
17192 | wil8; piyw*mMC=EPIFASN2EP695/Cy0

17291 | wllI8; p{w*MC=EP}Prpd0EP71%/Cyo

18110 | w!8; pBac{w*MC=RB}CG17219°0304/Cy0

28472 |1 w"; Pfw™™MC=EP}Bem465°98%/Cy0
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29489 |w"; PfwMC=1acW}CG96415H1104 prry*7-2=neoFRT}40A, 1(2)SH11045H1104/Cy0

30716 |w"; Lilli*S*07/CyO, P{w*™C=GMR-sina.N}2

44796 |yl w*; MifytmPin2=M1C}CG343931108590/5M6a
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